) is the only one in the field of the Mande languages.
In the present paper we report the launch of an experimental online tool for the comparative analysis of Bamana texts with The Little Prince (Le petit prince), a famous 1943 novella by Antoine de Saint-Exupéry, used as an example. The Bamana translation by Bukari Jara was published in 1989 under the title of Masadennin (De Sɛn Tɛgiziperi 1989) .
This novella is an excellent text for contrastive linguistic studies. Being translated into about two hundred languages and dialects from different language families, it is one of the most translated [secular] texts, if not the most translated indeed. Crosslinguistic comparisons based on The Little Prince were made by Bahrens (2005) , Stolz (2007) , Rovenchak & Buk (2011) .
The original French text together with the English translation was used in this study alongside the Bamana text. This material should be sufficient to study the functionality of the concordance tool and learn about its possible improvements before similar techniques are applied to a wider set of texts.
Text alignment issues
Texts in parallel corpora can be aligned on different levels: words, phrases or clauses, sentences, paragraphs, chapters, etc. The word level is suitable only for closely related languages and must be done automatically for texts of any significant size, which requires well-elaborated translation-oriented software. On the other hand, the chapter alignment is of little help for any serious analysis. Of the remaining intermediate options, the sentence level is the most typical alignment style for parallel corpora.
A definition of the sentence suitable for an automated text processing is required. The most natural approach is to apply text splitting on the following punctuation marks: '.' (period), '!' (exclamation mark), '?' (question mark), and '…' (ellipsis) if the following word starts with a capital letter (Kelih & Grzybek 2005) . Some drawbacks of such a definition are caused by the use of a period in abbreviations, including initials, but such situations can be handled quite easily (cf. Rudolf 2004:57-71) . While capitalization is present in the analyzed text, the above definition should be simplified when working with Bamana texts in general as the use of capital letters is not ubiquitous there. Note that neither the use of capital letters nor punctuation rules were regulated by the 1982 orthography standard (cf. Skattum 2000) . Bamana texts written entirely in lowercase are not rare. One should note that a wider set of sentence terminators can be also used when aligning parallel corpus. For instance, ':' (colon) and ';' (semicolon) were added when aligning the English-Inuktitut Parallel Corpus (Martin et al. 2003) . Such approach can be useful in particular for texts with numerous occurrences of direct speech.
In the present study, we stay on the paragraph level so far, with the sentence level to be achieved further. It appears that the alignment of paragraphs cannot be fully automatized, but the required manual work is not very time-consuming.
We introduce two tags to control the text flow over paragraphs, namely <parbreak> and <noparbreak>. The first one is used if there is a paragraph break in the Bamana or English text but not in the French text. Compare the last paragraph(s) of Chapter IV in the three language versions given in Table 1 . Note that the tag </s> is used to mark the end of a sentence. Bari n'ta fɛ mɔgɔw ka n ka kitabu manamana kalan.</s> <parbreak> Nin ko kɔrɔw maana bɔli bɛ gan n dusu la cogo min.</s> A san wɔɔrɔ ye nin ye ka ban, kabini n terikɛ taara n'a ka saga ye.</s>
Ni n bɛ n jija k'a fɔ yan a tun bɛ cogo min, n t'a fɛ ka ɲinɛ a kɔ de.</s> Mɔgɔ ka ɲinɛ i tɛri kɔ, dusukasiko don.</s> Bɛɛ ma deli ka teri mara.</s> O ni fana n bɛ se ka kɛ i ko mɔgɔ kɔrɔba minw mago tɛ fosi la tugun jatedenw kɔ.</s> O fana de kosɔn n ye kiriyɔn ɲɛma buwati kelen san, a ni kiriyɔn gansanw.</s> N si bɛ yɔrɔ min na, ka segin jaɲɛgɛn ma, a ka gɛlɛn, sanko n ma n yɛrɛ sifilɛ fosi la ni miniɲan bosobali ni miniɲan bosolen tɛ, ka n si to sanji wɔɔrɔ la!</s> N kɔni bɛ n jija ka jaw kɛ minw bɔlen bɛ u tigi fɛ kosɛbɛ.</s> Nka n dalen tɛ a la k'a fɔ n bɛna se.</s> Ja dɔ ka fisa, tɔ kelen bɔlen tɛ a fɛ A single paragraph in French corresponds to two paragraphs in Bamana and three paragraphs in English. While this situation is not quite typical for the text in general, such differences arise mostly when direct speech is involved, due to different approaches for its written representation, as in the example below (Table 2) . Only in the English text does the direct speech trigger a separate paragraph. The <noparbreak> tag is placed at a point where the French text breaks into paragraphs but the Bamana or English text flows continuously. In the example given in Table 3 paragraphs are separated by blank lines and adjusted for convenience of the Reader. In the corpus, paragraph breaks are simple line feed symbols. Note that some English examples contain more sentences comparing to the two other language versions.
An XML-like markup is used in the corpus. Additionally to the three tags described above, some other markup is present in the texts. Except for self-evident meaning of tags <title>, <author>, <dedication>, the tag <c> marks chapters. Below, the beginning of the Bamana text with the markup is shown. Note that texts are coded using Unicode (UTF-8). 
</dedication> <c>I
Ka ne tɔ n sanji wɔɔrɔnan na, don dɔ, n ye ja dakabana dɔ ye kitabu dɔ kɔnɔ, min tun bɛ tu fin kun kan, n'a tɔgɔ tun ye "Ko yelenw ni kɔ kɛlenw.</s> Miniɲan dɔ tun don, a bɛ ka wara dɔ kunun. Ja ladege filɛ.</s>
Concordance implementation
The concordance can be accessed online at http://www.ktf.franko.lviv.ua/~andrij/science/LP-bam.html. The screenshot of the main page is shown in Figure 1 . Technical realization of the online concordance is partly based on some previously developed CGI-scripts in Perl, which were used for different purposes 6 . In future, texts 6 http://ktf.franko.lviv.ua/~andrij/science/Franko/concordance.html; http://ktf.franko.lviv.ua/~andrij/vai-concord.html in the corpus can be automatically converted for usage in some standard tool, e. g., the IMS Open Corpus Workbench 7 , as soon as a proper hosting is found for it. One can work with the concordance in two modes: the parallel text output and the output of an interlinearized Bamana text.
The search options for the parallel text output include:
• entire wordform (if this is selected, one can input several wordforms separated by a space, such a query displays the results where at least one wordform is found); • words starting with a given character sequence;
• words containing a given character sequence (this requires at least two characters in the query); • words ending in a given character sequence;
• exact phrase search. Presently, only the Bamana text can be searched. Expansion for the two other languages can be implemented in future without much effort.
A simple type assistant is provided to facilitate (via the copy-paste procedure) the input of the non-ASCII characters, namely: Ɛ / ɛ, Ɔ / ɔ, Ɲ / ɲ, Ŋ / ŋ, Ʃ / ʃ. The latter is a now-obsolete letter; in the novella text it appears only in the root ʃɛ (modern sɛ̀) 'hen' in the words ʃɛw 'hen-PL' and ʃɛɲinitɔ '≈ looking-for-hen'. The search queries can also contain some standard regular expressions. Namely, wildcards are used: a period '.' or question mark '?' matches a single character, while an asterisk '*' matches any (including zero) substring. For instance, the query 'm.g.' matches both mɔgɔ and mago. To match the respective punctuation marks, an escape character '\' is required: '\.' for the period and '\?' for the question mark.
A sample output for the query "wordforms starting with masa" is shown in Figure 2 .
For the concordance, we use the form of output known as KWAL (key word and line), which can allow several lines of context either side of the key word (McEnery & Wilson 2001:198) . The sentence containing the matched item is shown together with the sentence immediately preceding it and the sentence immediately following it (unless the item appears in the last sentence of a paragraph).
By ticking appropriate boxes one can choose the option of showing either both the French original and the English translation alongside the Bamana translation, one (French or English) text alongside the Bamana translation, or the sole Bamana text.
As the paragraphs can contain different number of sentences, we used a simple algorithm to define the position of a corresponding sentence in the French or English text based on the position of the Bamana sentence. Assume the respective paragraph in Bamana contains N BM sentences, the French one has N FR sentences, and the English one has N EN sentences. Let the matched item be found in the jth sentence of the Bamana paragraph, denote it as j BM . We then calculate the respective points (j FR and j EN ) in the French and English text as follows:
and round them to the closest integer. The output of the concordance then consists of the sentences number j BM -1, j BM , j BM + 1 (Bamana text); j FR -1, j FR , j FR + 1 (French text); and j EN -1, j EN , j EN + 1 (English text). Note that the zeroth position corresponds to the last sentence of the preceding paragraph.
While such an approach results in some inconsistencies of the parallel texts, the output scope of three sentences significantly eliminates such a drawback. Another typical solution is the insertion of empty sentences to equal the paragraphs lengths (cf. Yang & Li 2004) , but this must be done manually so far.
2.2.
For the mode of interlinearized output the Bamana text was preprocessed using the Bamadaba lexical database derived from the electronic version of Bailleul's dictionary 8 (Bailleul 2000) . Such a procedure is generally known as tagging as it results in each text item (typically word, number, and punctuation mark) being 8 This electronic version was kindly provided by the Saint-Petersburg group working on the Mande corpus (Valentin Vydrin, Artem Davydov, Anna Erman, Kirill Maslinskiy). supplied with a tag, i. e. a set describing item's part of speech, gloss, lemma, etc. depending on the need of the study. We will not go deep into technicalities of the tagging here as this goes beyond the scope of the paper. The following sentence is provided as an example: Wa n ye masadennin dɔn nin cogo in de la. 'And that is how I made the acquaintance of the little prince'. The tags read <PoS&gloss&lemma>, with variants separated by vertical stroke "|" and compound structure shown by means of "=".
The search options in the interlinearized output mode slightly differ from the first mode of parallel output. Namely, the exact phrase search is substituted with the following three options:
• part of speech; • gloss (presently, given in French);
• lemma. The output for the query étoile 'star' in the gloss field is shown in Figure 3 . Note how the compounds are listed in the respective fields. For simplicity, the search was run as .toile using a wildcard to substitute an accented letter.
Since the Bamana text has no tone marks, there would be typically several options to gloss a word. Taking into account also possible homonyms, this would increase the number of glossing variants enormously in some cases. A special parameter was set to control this number; its default value is 3 and can be changed before running a query if desired.
As one can see from the given sample, the tagging procedure was quite straightforward, for instance, the contracted forms (like b'a, n'a, etc.) were not recognized. The words missing from the dictionary are marked with DUMMY in the gloss field and undef in the part-of-speech field.
Prospects toward an automated sentence alignment.
The problem of an automated sentence alignment is the next task to be solved. As the analysis presented in Section 1 shows, the paragraph level requires manual preprocessing in some cases. This stage can be skipped by proceeding directly to the sentence level. Algorithms of sentence alignment are extensively discussed in the literature (cf. Gale & Church 1993; Melamed 1999; Fattah et al. 2007 and references therein) . In this work, we would like to consider the alignment procedure based on the so-called anchor items. As suggested below, a hybrid approach is used to define anchor items, with statistical preprocessing of texts and further linguistic analysis of the obtained data.
Two types of anchor items can be identified (Gale & Church 1993; Martin et al. 2003) . First, these are words containing numbers or pure numerical sequences of characters. Such items are not frequent in ordinary texts, and where the same item occurs in parallel texts it is the sign to identify the respective sentences as corresponding to one another. Very frequent words are the second type of anchor items. They can be defined from frequency analysis of the languages involved in the alignment problem. We have compiled the data on word frequencies in the three language versions of The Little Prince. The list of the most frequent words is given in Table 4 . The number of occurrences is very close in all three languages for the following three items of this list, which can be treated as anchor words, namely:
• n -je, j ', mon, moi, … -I, me, my, …; • masadennin -[petit] prince -[little] prince;
• nka -mais -but. Note that in some cases one needs to take inflection into account (i. e., pronominal declension in English and French or possessive marker in English) to obtain a proper mapping between languages. The presented data would be typical for fiction texts, in particular with respect to characters' names, cf. (Buk & Rovenchak 2007) . A preprocessing of texts is required to obtain relevant statistical data before proceeding to the alignment procedure. 
Conclusions
In the present work, we have outlined the online concordance tool with the parallel texts of The Little Prince in Bamana, French, and English. To our knowledge, this is the first project of this sort involving the Bamana language and has a large research potential. The concordance tool is presently freely available in the Internet.
One can work with the concordance in two modes: the parallel text output and the output of an interlinearized Bamana text. In the parallel text output, different search options are accessible, namely: entire wordform, words starting with/ ending in/ containing a given character sequence, and exact phrase search. The search options in the interlinearized output mode also include part of speech, gloss, and lemma, but not the exact phrase search.
Presently, the parallel texts in the corpus are aligned by paragraphs, and a simple algorithm to define the position of a corresponding sentence in the French or English text based on the position of the Bamana sentence is suggested. Automated sentence alignment based on the so-called anchor items (most frequent words) is briefly discussed for future applications. Further plans include extending search possibilities to all the language versions as well as adding more texts to the corpus.
In prospect, the parallel texts in the form of online concordances can be used as a supplementary tool for compiling Bamana-French, Bamana-English and FrenchBamana, English-Bamana dictionaries. In particular, such a tool provides word translation equivalents in the context as well as illustration of a word usage. Also, the strategy and tactics of different translators can be discovered.
